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Bole of Central Kazakhstan

fore the Pevolution, 50 percent of the cepper smelting wae carried on in the
Urals, 25 percent in the Caucasus, about 12 percent ia Sideria, nnd the rest in other

regions. X .

A% presynt, Kazeknstan is replacing the Urals as the copper-amel.ing center,
although the Urals still contribute a large amount of smelted copyar to &ll-Union pro-

duction.

There are snormous copper reserves in Central Kazakhetan. They are desoribed in
"Bolshoy Dzhezkezgan," Trudy Kazakhstanskoy Bezy Akedemil Rauk E88« (Yorke of the .
" Kazakhetan Baae, Academy of Sclences BSR,, 1935, No 7: K. F. Mrotvorteev, vp 19 - 325
K. P. Russkov, ibid., pp 33 - 84; and K. I, Saipeyev, 1bid., pp 195 - 257. The Kounrad
and Baghchekul' aeposits contain porphyritic ore; the Dzherkazgan depceit conteins sheot-
1ike ore. These deposits made it practical to puild the large Balkhash, Bolshoy
Trhezkazgan, and other copper smsliing plants, Since Central Eazakhstan gopper orep
sontain little sulfur, it is advantageous to use them ingtoad of the pyritic Ural ores
whict contain from 40 to 44 percent sulfur, The latter ‘are & greet ecomomic asset for
the sulfuric acid industry of ths TSSR. X <

d

The change to utilization of Kounmrad an:l;‘l’zhaz]ngan ores was planned to conform
with development of the Poviet copper jpdustry.” The Kounrad Geposlt becawme known rap-
141y as a result of extenalve prospacking, and subsequently it became the roremost

among the hewly develpped depnsite. After the Kounrad deposit, the Dzhezkazgan is the
2 8

next main deposit to be exploited.
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Distinctive Camposition of Ores and Concentrates

The copper ores of Central Kazakhstan and the concentrates obtalned fram them
differ gharply in campositlon from ores being smelted in the Urals. Therefore, the
practical experience galned in the Urals could not be applied directly in Central
Kazakhatan.

Central Kazakhatan ores coniain 60 - 67 percent silica, 9.6 - 15.5 percent alvmipa,
2.8 percent iron, and 0.95 percent sulfur,

‘The concentrate also differs sharply. from Ural concentrate and from concentrate
being produced abroad. It comsists of 35 - 4O percent silica, 6 -y percent alumina,
7 - 10 percent irom, 2 -.3 percent lime, and 12 - 18 percent sulfur.

in the Dzhezkamzgan region, in addition to iron fluxes there are manganese aad | o E
iron-mangenese ores which can be used as fluxes. Since 1943, in the course of manganese IR
ore mining for ferrcus metallurgy, tallings have accumleted which can bs ueed as fluxes
since they contsin mengansse oxide.

In 1928, ¥, A, Vanyukov proposed that these valuabls components of ores and con-
centrates be ussed and that smelving of Dzhezkazgan ores and concentrates be carried
on with the goel of obtaining, first, highly silicesoue mnganess wlag and, secondly,
super-rich matie,

The iron-mangsnese flux 1s valuable because during smelting of siliceous ore the
menganous oxlde erters ths slag, mekes the cre more readily smelteble, and reduces the
viecoslty of the eslag. It was alao fovnd that this property of manganous oxids could
be vned rost advantegeously to vrocess the waste slug which rasulted from emelting.
Dzhezknzgan sulfide ore by the reverberatory method.

Tos opinions of Profeseors V. A, Vanyukcv and I. P, Zalesskiy, in an expert ap-
praisal of the Karsakpey plent project, led to a proposal to work for & 6C - 65 percent
copper matte, because a system of upright cunverters, which did not permit prehsating,
oxistsd at the plant.

First Experimental Melts

The administration of the Atbesar Trust began to conduct extensive testis om a
laboratory und greater-than-laboratory scale. Prof V. A, Venyukov, of the Moscow Min-
ing Acudemy, was entrusted with the carrying out of theme tests.

The Atbasar Trust sent averags samples of eulfide, oxidized ors, coal, iron aad
iron-manganese orv, and limestons. At that time there was no concentrate, the concen-
trating plant having been planned to begin opermtions in May 1929. Until the concen-
trating plant began operations, the experimental Karsakpay plant had to use sulfide
ore for smelting, The tests, the results of which are shown in Tables 1 and 2, had -
for the moot part been completed whun the experimental Karsakpey plant began operations.

Experimental melts in the laboratory furnace with 8 - 10 percent pyrite added to
tke charge produced 50 percent mmtte. Thia indicated that In order to cbtain 60 per-
cert matte, the pyrite simizlure would have to bs completely eliminated.

T us 1t wasz shown that hecaase of the unusual composition of Central Kazakhstmn
Q)zhezkz-.zgau and Kounrad) ores and concentrates, thelr components ars valuable paits of
the charge and therefore ought to be used., Hence it was expedient to carry on smelting
8o as to cbtain 50 percent, or higrer, mattes, and acid manganese slag with 5k - 5§
percent Si0s content. :

Smelting at Karsakpay

At first, aemelting at Karsakpey was carried on in accordance with foreign practice.
In view of the extensivenese of the Ithezlnzgan deposit, the Zarsa¥pay plant wase con-
sidered an experimental plant for a .iarge plant of the future.

»r
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¥ X The Karsskpey Copper Smelting Plent was the £irst of the new nonferrous metal- -
g lurgice) plants im the Soviet Union to be bullt a~cording to a glan for concentrating
the wure and smeliing the flotation concentrate in reverbsratory furnaces. '

When the plant went into operation, t‘hé concentrating plant had not yet deen
cumpleted, and this was the reason for mmelting the rich sulfide ore [irsb.

The high silice and alumina and low ircn content of the ore was a favorable and
not unfavorable factor, as some detallurglate at Pirst thought., Tc & great extent
the latter attituds delayed adoption of the new method of amelting ores and concen-
tyates so as to obtaim highly siliceows glag and super-rich matte.

"Logiprotuvetmet” (Leningrad Sectlon, State Planning Institute for Nomferrous
Mstallurgicel Plants) wrote, in the [inal plan of the Karsakpay plant, "Becouse of the
44fricuity and even impossibility of operat ing tho plant so ~d to obtain 60-perasnt : ‘ :
matte, we must work out the copper by adding pyrite to the charge. According to tho PSR "
date of literature, the blowing of even 55 percent matte In the convertsr raquires ’ :
the applicaticn of special procesees. For normal operatione in Karsakpay, we conelder
1% nosslble to have a 50 percent copper content in the matte."”

"Logiprotsvetnst” gave the slag compoaitica es k0.4 percent 5102, 35.25 percent
PeC, 14,9 percent Cal, 0.7 percent MgO, 8.5 percent A1203, and 0.45 percent Cu.

Table 3 shows that the charge was overloaded with fluxes.
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Table 3. Smelting .of Sulfids Ore ' “g

Composition of Charge : ~Product
(meterial) Zg of charge) (with o;? equal . (mette) (8lag)
to 100

First Phase of Melt Using Ore Only, March 1929
Sulfide ore . . ... = S8.60 ... 100,0. . ey, B3 O
Iron ore ‘ . 21.57 : 36.82 S ‘ 40.5 810,
Limestone “ 12.17 Y 20,85 o L ‘,.\'-,.\ .; L 35,25 FeO

Pyrite - 7.6 T 1302 Tl 14,60 Cs0 :

a

Firet Phase of Molt Using Cre and Ccncentmt;e', July - 1930
Casicentrate. 36.2 66.17 45 Cu ‘ .
Syifide ore ' 18.5 33,830 - P 1T o810,

Iron ‘ore 16.3 29.79 -~ 30.15 FeO

TAmand nma In 4 29 N2 - 1IN N 0AN
s bierriépetorete] .S 27.03 ] 10.00 b
Pirite 16.4 29.98 -- 7.54 0

Smelting of Sul;fida Ore and Concentrate

.. At the third sessiun of the Scientific Council of the Kazekkastan Sectimm, Academy
of Sclemcss USSR, which was devoted to the problems of Bol’shoy Altay and Bolfshoy
Dzherkazgan combinss, Prof V. A. Vanyukov reported the smelting of Central Eazakhetan
aulfide oree and ooncentrates. This report 1s recorded im "Bol'shoy INrhezkazgen,”
Trudy Karexhotgnskoy Pazy Amdemii F.uk SSSR, 1935, No 7, pp 517 - 531.

In 1928, the experimental Karsakpay Copper Smelting Plypt had Luen operativg for
6 years. It vme nlready expsrimenting with the new method and trying to adapt it to
produckion.

I. A, Strigin stated in a paper "Bollshoy Dzhezkezgan™ ou the smelting of Dzhezkazgan
copper cre, publighed in Trudy EKazakhstanskoy Bazy Akedesti Nsuk SSSR, 1935, Fo 7,
Pp 435 - 462, that at first She plant followed a policy of sopying the developments in
other plants. In the early period of its operaticm, a shortage of sulfur was compensated
for by @edding pyrite tc the chargs, and the plant administration familiarised itself
vith werking with 45-percent copper matte. But, getting pyrite frow the Urals was dif-
ficult., In August 1930, 'mder the superviaion of V. P. Istemin and I. P. Fomin, plant
netallurgiste, the amount of pyrite in the charge was reducpd, and the results indicated
‘the possibiiity of almost cumpletely eliminating pyrite from the charge. Without mu®h
Qiffigpulty, they mmetered the production of 60 - 52 percent matte, obtained as a result
of sﬂlﬂng without the addition of pyrite to the charge. Thus, the method of cbtaining
60-pervent =opper matte, proposed by Prof V. A. Vanyukov, wae mastered by the Earsukpay

wlant

r-ant,
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The preposel of the suthor to carry on smelting so 88 to obtmin slsg containing ' .
more than 50 percen: 310, ard only 4. - 8 percent calcium axide was also adopted and -
e ‘) eventually produced altogether matiefactory resulis. The resultant elags were ade- : i
y grately fluld and clean of ceyper. ’

These events provided the euthor with the opportunity of expanding the proposal
which he had pade in regard to the Balkhash Combine, namely, to cperate it from the
very beginning so &8 to obtaln vhite metal and highly siliceous glags. Hie proposal
also applied to the operatioms of the glant copper-amelting plamt 4n Dzhezkezgmn.

Iu the processing of ore at the Bnlshoy Dzhezkezgan Plant, the crushing and grind-
ing is followed by the firet flotation and recovery of the first concentrate, The
seccend flotation results in & rich concentrate which 1s smslted to obtasin super-rich
matie; ranging up to white metal, with & minlmwm admixture of iron-mangenese ore and
limestone. The resulting super-rich matte (62 - 79 percent Cu) iz Bosmemerized, with
proheating of the comverter, to yield Besgemer copper (99.6 perceqt Cu). The slag - : T e
formed in the ewelting process comtalme 54 - 58 percent 3105 with 10.2 %o 0.l percent . R
Cu, & recovery of G7 to 98.5 percent ' : S

The advantages of this ore-processing method includs:
1. lower elsctric power consumption in crushing

2? Eigh operating capacity of tho flctation machines
3. High recovery of copper (97 - 98.5 percent)

-
hf Minimum consumption of fluxes to vbtaln slag containing 54 - 53 psrcent £10,. ]
5. Faximum utilization of furmece sole
6. Hormal consumption of fuel (coal ought to bave 8 - 10 percent ask content)

7. lean slag :#gidue
8. less cemverted slag (none during first etage of Bessemerizing)
9. Iower capital investment )

10. lower operating costs

These advantages permit the rroduction of cheaper copper because 1t can b» more
campletoly recovered. As a result, the process s being perfected.

Prof Vanyukov's report re-sived the full usppiowal of the Sclemtific Couacil.
Acedeny Member A, A. Baykcv seid: "I think that the way in which the research work
of the Combine was conducted was perfectly correct. In regard to smelting in the re-
verberatory furuace, it was essentiel 15 change to a strongly acid slag containing up
to 60 percent 510,. The proposed method of cbtaining manganese slag ylelds good re-
sults. I think that 4T matte with a 70 - 6C percemnt Cu content 1s chtained, that
will be satisfactary."

A resolution of the semsion reads: "The session states that the following main
features in the mathod of processing Dzhezkezgan ore must be accepted: (1) cwelting
to obtain slag as acid as the nature of Dzhezkazgan ore requirer; (2) smelting to ob-
tain supsr-rich matte; Bossemerizing of rich matte; and (3) adding iron-manganese
fluzes to the charge in reverberatory smelting."

The session of the Academy of Sciences recammsnded that the following projecte
in metallurgical proceasre be carried out:
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\ . 1. 5tudy of the hydrometsllurglical method of proceasing oxldized copper ores o -

2, Study of a method of szaliing mived oridized.and aulfide concentrates

3. Study of the phbysical properties of highly siliceous slags containing
manganous oxide and alumina . . '

4, Btudy of the white-metsl sleg equilibrium system, from the polint of view
of copper going over Into the slag . W e R :

5. Stuiay of the nature and .propsriise of seper-rich matte in connection with

mangansse &lag

6. Study of Territe formation in connacticn with ths Begesemerizing of super- :
rich mattse ' ; D : L . ;

7.  Smelting of concentrates in vlants to obtain whlte metal ani super-rich
mat te ' ' oo

&, . 8tudy of Beseemerizing. of suver-rich mattes and whito metal.
9. TExpsrimental work in direct reductlon of Dzhezkazgan lron ores

All of these vrojects were fully ‘carried oul by Proi ¥."AJ Vanyukoviand his
students.

Highly Biliceous Slage

OJers we shall look at problems connected with the slag formed n smelting the
highly silicev:s Central Ipzakhstan ores end concentrates, which has a high alumine
ard a low ferrcus oxide content.

Such slag from reverberatory emslting was obtainad for the first time in ths
doviet Union by the euthor. Forsign Tractice and literature ars nob scquainted with
tnie kird of elag.

Ths main prodlem was to estabiish a maiimum silica content in slag which also
had & 10 - 12 percent Al,0Q, content.
o

World practice of reverberatory coppsr smeli’ng las heid up to now that a 42-per-
cent 810s content in slag (Anaconde Plents, USA) was the maximum compatible with the
738cosity of such slag. Even a' high temperatures; such slag doss not flow readily.
Draining ths 3lag from the furnace ia trmahlozcws. Lesses of copper oceur. The
smelting capacity of the farnace 18 reducsd. The presence of alumina in acid slag
incranpns its viscoslty stil1l more.

Waile carrying on work in copper slugs, described In Metallurgle, 1912, pn 1 - 27,
%S - 62, Prof V. A. Vonyukov studled the guesticn of oubstituting manganous oxide
for ferrous oxide ir slsgs and pointed out thet manganous oxide considerably thing
plage with a high silica content. Thia discovery enabdled him to propose to the Atbasar
Truet, in 1927, that Dzhezkazgan ores and concentrates te smelted in the reverberatory
furnace 8o &8 to yleld highly siiicsous manganess slag. .

Experiments carriod out in a laboratory and on 2 larger scale have shown thet
1t is possibls %o omploy slag containing 54 - 58 percent 510, 29 - 31 percent FeQOR +
A1203, and 8.20 - 2,10 percent Cal. See Tables 1 and 2. 5

Eculliprium System: Mattes of Varying Compositicn, Acid Sleg Containing Maggp_ﬁgs_e_

In 1935, the antkor and V. 4., Kirillov made = study of equilibrium systems which
was putlished "Sostav £ Svoystva Normal'nykh 1 Svsrkhbogatykh Shteynov prl Zhelezo-
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. Margantsovistom Shiake® (Composltion and Propertiss of Normsl and Super<Rich Mattes

2 in Comnsction With Iron-Mangansse Slag) in Tutileynyy Sbornik Nauch_%%kh Trudov

} Kafelry Tyazhelykh Metallov MITEMLZ (Jubiiee Edition of ths SclemtiPlc Workd of thke
Hoavy Metals Deek of the Moscow Institute of Nonferrous Metals and (eld); 1939, No 7.
It wae & etudy of highly eillceocus slag mattes {composed of 55 percent 8105,:15 per-

cont AlsnO,, 5 percent MnG) of varying composition, cortalning 20, 30, 40, 50, 55,
60, 65, afd 75 percent Cu. See Figurs 1. - : :

Table U and Figore 1 skhow that when 30 - 40 percent matte 18 obtained from
smelting, only 0.07 percent Cu gess over into the highly eilliceons slag; when
50 - 60 percent mitte 1s obtained, only 0.09 - 0.15 percent (u: and when 50 -. 79
percent matte {8 obtained only C.15 - 0.25 percent Cu goes over intc the slag.

Table 4, Composition of Mattes and Copper Content in Sleg (%) A 4

Tost ) Comnaaniticn. of Matteoua Coprus Content
Mo Cu ke 5 o Unanalyzed in Slag
1 20.69 i5,20 29,20 0.51 4.38 0.05

2 3¢.86 36.00 27.56 c.26 . h.sR 0.07
3 51.39 29.67 26.87 0.89 1.18 0.7
I 52,92 19.68 24 .68 0.64 2.18 0.12

56.80 16.83 zh.at 1,84 0.15

~ o W\

62.33 12,81 23.80 0.64 0.h2 0.15
65.53 9.12 23.09 0.32 0.94 0.20
8 70.61 4.85 22,72 0.28 1o7h 0.22
) 7k .83 L.u2 19.92 .16 0.67 -
10 79.86 0.21 19.66 0.1k 0.13 0.25

The addition of 5 percent MnO to the composition of highly silicecus slug re-
duced its viocosity.

Figure 2 presents a comparison of the data of the author with the data of Grabill 5
ineering and Mining Journal, 1910, p' 776, who studied copper losses in conrnection
with the usual iron-iime composition of slag; 31.04 porcent 810,, 51.40 percent FeO,
4.8k percent Al,0,, 6.30 percent Ca0, 1.7 percent Mad, 1.36 percent S, 2.01 percent
Zn, 0,51 percen% %, and 0.45 percent lu. ’

Ths curve obtained by the author shows a considerably lmwer copper cantent 1n
8lag then door Grabill's curva. Crabill's crrve shows thec 1% 18 unprofit<bie to
sork vith matte containing more than 40 - L5 percent Cu, since from this point on
the copper golug over into ths slag incroaces consideradly. The author's curve,
however, shows th. contvrery. Tims, the norms established by foreign practice were
broken. It was also shown that by adding a small amount of manganous oxide , Cleaner
glag could bes obtained than in foreign practice.

1
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Compositicnal Change ir Matts

When adding iron-manganese ore to the smslting charge, it is ilmportant to know
how tho mapganese reactd on matte elements and to what extent the manganege geoe
over into the mattas.

Mabtten were prsparsd. contadning 20, 30, 40, S50, €0, 65, 70, and T5 percent copper
and white metal. They were obtained by two ssaries of tests:

Firat serles -- vesmelting of mattses in graphite crucibles under a thick layer
of charcoal. :

Bacond seriss .-~ resmelting of the mattes obtalned im *he fivrst Beriles in inti-
mate mixture with a charge caleculated to yisld highly si1liceocus mangsnese slag con-
talning 55 percent S10,, 15 percent Al,,03, 5 percent. Ca0, 20 percent Fed, and 5 per-
cent MnO, ) -

After having beern smslted, the contents of the crucitles wers mixed with a
carbon *¢d and gradually cooled. {See Tatlee % and 6), -

Teble 5. Composition of Mattss, First Series of Tests (%)

Tagt )

e O ' : Yo S £ Insoluble Reaidue
1 19.88 k7.1y 29,74 1.51
2 30.02 39.66 28,25 1.67
3 ko.05 31.63 26.62 1,62
Y 50,20 22,55 22;.92 1.32
5 56.22 19.58 23,5 0.57
6 60.24 13.07 22, 0.33
7 65.78 9.04 20.4 0.28
8 70.78 9.04 20,37 0.28
9 75.30 L 52 19.91 0.22

10 79.86 0.08 20,09 --

Tyble 6. Compoeition of Mattes, Second Series of Testa (%)

Test

Mo Su Fe 5 M Unapalyzod
1 20.69 ks, 22 29,20 0.51 4.38
o 30.86 36.09 27.56 0.96 k.53
3 41.39 29.67 26.97 0.89 1.18
4 52,92 19.68 2k 68 0.64 2,18
5 56.80 16.83 24,27 0.26 0.84
6 62.33 12.81 22.80 0.6% 0.k2
7 66.53 9.12 23,09 0.32 0.9%
8 70.61 5,85 22,72 0.28 1.7k
9 74.83 bk 19.92 0.16 0.67
10 " 79.86 0.21 19.66 0.1k 0.13

The mattes 0of the first eeries of tests undervent 1littls change {only those balow
75 percent Cu). "e mattes of theo second series undsrwent great change:

1. The copper content incresssd in all mattes below 70 percent Cu.

2. Tne iron content in the same mattes decreased.
- 10 -
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. 3. The sulfur content in ell mattes dacreased, except maktes with 60, - g ;
\ ’ 65, and 75 percent Cu. : , ‘ LY
. The manganese content in mattes contalning less them 75 percent Cu
varied from 0,28 to 0.96 percent; 75 percent Cu mattes contained 0.16 percent

Mn; and white metal contained .14 percent Mn..

Figure 3 1llustrates the amoun; of mangaiese carrieda over into the matte
in relation to copper content. )

The manganese carried nver into the matte 1s insignificant; therefore, we
can effectively use small amounts of ijron-manganege Ors &8 & flux.

Bffect of Manganous Oxide on Viscosity of Acid Slag

In 1935, Prot V. A, Vanyukov and Enginesr I. F. Kvaakov studied the lge e RN i “
cosity of highly slliceous slegs obtalned in conrection with smelting white TR
metel., They used the falling ball method descrived by F. M. loskutov, Puti.

Spizheniva Soderzhaniya Medl v Otval'nykh Shlakakh (Ways of Reducing Copper
Content 1n Waste Slag5; ORTI, 1935, p 16. :

The absolute viscosity was computed according to the formula of Stokes
as corrected by landenburg, which measures the effect of viacosity on the walle
of the crucible and on the upper and lower fusion surfaces in the cruclble.

Three groupe of slag were stuvdied.

In the first group of tests, the goal was to have enough manganous oxide
1n tne Blag to amsure gebbliug a riquid alag. With the originzl clag oontaining
S5 percent Si0p, 32 percent FeO, 5 percent Ca0O, and 8 perceat Al?O , an equiv-
alent amount of manganous oxide was gradually substituted for the YTerrous oxidas.
The viscosity was measured every 50 degrees of temperature totween 1,1450 and
1,150 degrees. (See Teble 7 and Figure 4,)

The following rasults were established:

.1, Substituting manganous oxide for ferrous oxide sharply reduces the
vipcosity of mlag (3 times at 1,250 degrees).

2. This reduction is sharply no%iceable when 1/4 FeO end 1/2 FeO has been
replaced. At 1,200 degrees, viscosity drops fram 4,000 %o 2,400 olss. At
1,250 degrees, viacosity drops, respectively, Irom 2,130 to 1,130 and 910 poise
vhen 1/, and 1/2 FeO has been replaced by MnO. Upon further substitution of
M0 for FeO (/4 ani 4/4), viacoeity at 1,250 degrees does not drop very much --
to 810 and 720 polse - and this elight fall is of no interest. Since a 1,200-
degree temperature in the reverberatory furnace ie custamary for ordimary iron
slag, for highly siliceous slag 1t must be 1, 250 degrees.

3. At higher temperatires, the viscosity of slag drnps rap*dly and,
therefore, substitution of manganous oxide for ferrous oxide is leass effectlive

~ in reducing viscosity. At 1,450 degrees, the viacosity is 100 poles.

- 11 -
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Table 7. ZEffect of Substituting Menganous Oxide for Ferrous Oxide on the
Composition and Viscoelty of Slag

g\
Siag  Composttion (%) Polse
Bo_ 510, Fe0 M0  Ca0  Al0; Cu  (viscosity
(vemaining)  (replaced) at 1,250°)
1 55.0 32.0 0 © 0.0 5.0 B0 0.2 2,130
2 55.0 24,0 1/1{ é,o o 5.6. b 8.'0 ' 0.1 1,130
3 55.0 16.0 J1f2 16,0 5.0 8.0 s 910
M 55.0 8.0 3 e :5.6 8.0 0.5 . 810"
5 550 00 AT 3200 5.0 B0 oue 720

In the second group of tests, the gosl was to study the effect on slag vie-
coglty of subatituting an cquivalent amount of calcium oxide for the ferrous
cxide. The tests were conducted with slag containing 55 percent S10 , 24 per-
cent Fa0, 8 percent Mn0, S percent Cal, and 8 percemt A10,. See tabte 8, slag A
Yo 2. In additiom, 1/4, 1/2, 3/k, and 4/k substitutions of Fo for (50 were - !
made, (See Table 8 and Figure 5.) :

The following results were established: i

1 Q¥nn armbadndne mencrmane Avdda amd O O ranincemd o/ Tama o
sLte placebeteise) S

1, Slegn S anl 2.9 percsat Cal has a viscuslvy of
220 polee at 1,250 degress.

2. The viscosity increares scmewhet with 3/4 and 4/4 substitution of cal-
cium oxide for FeO, ’

3. The viscosity of slaf contalning mangancus o«ide and calcium oxide
drope to 50 poise at 1,450 degrees. The viacoaity of the initial slag (slag No 2)
at this cemperature is 1G0 oise.

Table 8. Effect of Subetituting Calcium Oxide for Ferrous Oxide on Composition
and Viscosity of Slag No 2

Slag Cemposition (%) Poine
No 810, Fo0 Ca0 A1,0; MnO (vimcosity
(remaining) (replaced) : . at 1,250°)

] 55.0 2k.0 -- 5.0 8.0 8.0 1,120

6 55.7 18.2 1/k 2.9 8.1 8.1 220

7 6.5 12,4 1/2 1k,7 8.2 8.2 210

S7.3 6.3 3/4 19.8 8.3 8.3 320

9 58.1 (.0 Y/ es.1 B.k 8.4 330

In the third group of tests, the effect on slag viscosity of adding b, 8, 12,

" A~ Vo v b - ~ o - P . R e
nnd 16 percent A1, 0, t5 the slag woo sbudisd. The tests wero canducled with slag

containing 35 pergagt 8105, 2k percent FeO, 8,0 percent MnO, 5 percent Ca0, and
8 percent ,uzoj. See Table 9, Slag Fo 2.

- 12 -
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~ The following was esteblished:

the slaz rose sharply as alumine wes cdded.

20

¥

- mn. ~a
1. The viscosity o

5, Notwithstending respective viscosity measuremente of 1,150 and 1,490
poise with 11.5 and 1L.8 percent 41,0, content, the copper content was 0.2k and
0.23 percent, respectively, Witk 17.°8 percent Al,0; contént and 2,200 podse
viscosity measurement, the copper content was 0.42 pgrcent.

Table 9. Effect an Viscosity of Adding Alymina %o Slag Yo 2

Yo 210, Fel meo ‘ Ca0 ¥no Cu {viscosity at . ‘
(wae) ° {aiced) 1,250°) ' -
2 55.0 24,0 8.0 -- 5.0 8.0 .0,b1 1,120
10 55,0 24,0 8.0 h.b . 5.0 8,0 0.2h 1,150
52,9 23.1 11.5 -- 4.6 ToT - --
1 55.0 25,0 8.0 T8.07 " w0t 8.0 0023 ‘1,490
0.6 22.2 1.8 -- Lé 7.5 -- --
iz 5.0 240 8.0 2.0 sn A0 0.b2 2,220
k9.1 214 17.8 -~ L.5 7.2 -- L
13 5.0 24,0 8.0 16.0 5,0 8.0 0.9 2,670
T 20,7 20.7 -- k.3 6.9 -~ --

The noptent of mangancus oxide nust te cut from 8 to 2 percent for minimum
coppexr carry-over in slag-containing Mo0, as was dotermined by the author at the

Eareakpay experimental plant. See Table 10,

Table 10. KEffect of Mangenese Qxide om Reducing Copper Content in Highly Silicsqus
Slags (Matte Contafning 54% fu Used in These Tests)

Time of Test " Composition (%)
Cu $10, Fe0 Cef AL,0, a0
Aug 1935 0.61 53.6C 21,24 2.57 11,94 none
0.83 54,32 18.85 3.80 12,22 nonse
0.93 56.02 18.83 3.80 13.06 none
1,10 61,00 14,59 4,84 12,36 , mome
-1 -
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(Continusd) -

Time of Test . ‘ : Campoeition (%)
M0

, 810, FeO Ca0 L A0,
Sep 1935 0.45 56.52 16,86 b,37 12,27 0.65
0.27 57.60 14.80 3.60 .. 12.92 0.8
0.30 5k ,20 1%.85 3.28 L 14.81 2.09

0,28 55,64 .26 0361 S 12,26 2.18

The copper content in highly siliceous 8lag ia comsiderable, 0.67 - L.1 yper-
cent, when there 1s no mangancus oxide in 1%, See Table 10. It increases
with a riss In alumina content, Algo, rising slag viscosity has & areat effect
on copper lossed.

Af'ter mangenous oxide has boen added to the alag, the copper content becomes
lees, For example, the presence of from 0.88 to 2.18 percent Mn0 cuts copper
content in the slag from 0,27 to 0,28 percent. Such 8lag 1e wholly waste and
permits the recovery of up to 98.57 percent Cu, Ths slag 18 quite fluid and
can te drained freely from the reverberatory furnacs,

Moltine Temperatuyes of Acid Slags

V. A, Venyukov and V. Yo, Korolyuk studied the melting temperature, specific
gravity, and other prorerties of highly silicerous slag containing msnganous
oxide and alumina. See "Tzucheniye Fizicheslikh Svoyatv Vraokokremnistykh Shlakov
s Sodershanivem 7nkipd Maroentes 4 Minczomn” {Study of ihe Ilyslcal Froperties
of Eighly Siliceous Slags Containing Manganous Oxide and Alumina) in Yubileynyy
Sbornik Nauchnykh Kaf Tyazhelykh Metallov MITOMIZ (Jubt:lee Edition of the
Works of the Heavy Metals Desk of the Moscow Institute of Nonferrous Metals and
Gold), o 7, 1939, pp 135 - ll2, v

These data were indispensable for dstermining the optimm composition of
highly siliceous slag in amolting Central FKazakhstan ores and cuncentratec,

Pure original materiais, prerared in the heavy metals laboratory of
"Mintsvetmetzoloto” (Moscow Institute of Nonferrous Metals and Gold), were maed
to cbtain the slag. Smelting was Gone in Morgan "G" chamotte cwucibles in an
o1l furnace.

After the crucible charge had melted s 3t was removed while hot from the
furnace and cooled. !

Crucibles with & charge of a specific group were placed in the fwrnace under
identical temperature cenditiams,

All chargese were divided Intc tas fuilowing groups:
1. Iron slag containing from 45 to 60 percent 8102

- -

2, 8lag containing 55 percent SiOa, in which ferrous oxide had beenbxu-
placed with menganous oxids.

3. Same as group 2 but containing 60 percent 810,

4. Slag containing 55 percent $10,, in which 1/? FeO kad been replaced
with manganous oxid.; calcium oxide added

-y -
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5. Slag containing 55 percent 510, in which 1/% FeO had besn replaced
with menganous oxide; alumina added

—

6., Slag containing 55 percent 510,, in which 1/4 Fe0 kad besn replaced
with manganous cxide; calcium oxids and alumina added

A total of 21 specimens of slag wore prepared.(See Table 11).

Table 11, Composition of Slaga (%)

Grovp 8lag Yo 810, Fe0 Mn0 a0 1&1203 Total
1 b ks k5,0 0.0 . 6 Lk 100
: 2 50 40,0 0.0 4 N 100
3 55 35 0.0 6 IN 100 o
4 60 30 0.0 6. - 4 100 i
2 5 55 2%6.55  8.75 6 i 100
6 55 17.5 . 17.5 6 4 100
7 55 8.75 2%6.25 6 L 100
8 55 0.0 35.0 6 y 100
3 9 60 22.5 7.5 6 i 190
o 10 60 15.7 S15.0 6 K 100
11 60 7.5 2.5 6 4 100
12 60 0.0 3.0 6 y 100
4 13 55 26,25 3/5 6 A N 00 6
1k 55 26.25 3.5 612 b 100 12
15 55 26.25 8.75 618 4 100 18
5 16 55 26,25 8.75 6 b oy 100 4
17 55 26,25 8.75 6 8 100 8
18 55 26.25 8.7 6 - 100 12
6 19 S5 26.25 8.715 6 6 ) 100 10
20 55 26.25 8.75 612 h o8 100 20
21 35 26,25 8.75 6 18 kg 100 30

& attempt to determive the mliing temperatures of these acid 8lag specimens
by taking down cocling curveas was not auccessful, Therefcrs, to dsteraine the
formation temporaturss, cones were prepared from the charges wbich were used to
obtain the slags aliovm avove. The slags obiainad were ground up to £50-mesh gize
granulse and from them, likewiso. cemes were prepared.,

8lag formation temperatures (charge cone) and slag melting temperatures
(slag cone) wers determined with the aid of & themmocouple in the muffle end by
observing tle temperature at which the apex of a cone begon to fold, (See Toble 12.)

Table 12. Slag Forsation end Melting Temperetures {(OC)

1t Mo Formaticn Temperature 1ting © ture
1 1,210 1,110
2 1,240 1,130
3 1,270 1,160
4 1,300 1,190
S 1,170 1,130
6 1,160 1,115

- 15 -
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Melt Fo Formation Temverature ~ . i 75 7 Melting Temperature

7 1,155 - o 1,120

8 1,160 . R 1,150

9 1,2000 o i 1,170

10 E ‘ 1,200 ;oA el 1,160

n ‘ Coe 1,210 i G 1,170

12 o U T L RRO e i, TR T A e 1,180

13 1,140 i i S Tl 1,120

1k 1,130 L e e T 1107

15 TR T RTINS B0 - B S S 1,115

16 L R 15090 : e 1,160

17 : o g ds T i P T R e Tt 1,150

18 SR s 1,180 141,150

19 1,160 e e fone AT 1, 15

20 1,030 © w1110

21 1,125 o R 1,100

The teble shows that:

1. Iron slags containing from 45 to 60 percemt SiOp (first group) have
slag-formation temperatures of frem 1,210 to 1,300 degrees, and slag-melting
temperatures of from 1,1i0 to 1,190 degrees. These alags are not very satla--
factory because of their high formation temperatures and also their viscosity,
which usually necessitates much superheat.

0, Toen mongeosce clogs contnining 875 - 35 pevnent Mn0 and 55 parecant
510, (seccnd group) have considerably lover formetica temperatures, 1,170 - 1,155
degrees. The melting tamperatures of these slags are also lower, 1,115 - 1,150
degrees. These slags ars fully acceptable and have a camparatively low viacosity.
Rerlacement of even 1/4 FeO with mangancus axide resuits in a good elag.

3. Iron-ma se slags contalning 7.5 - 30 percent MpO and 60 percent
510, (third group; bave higher temperatures of formatiom, 1,200 - 1,21C degreés
and melting, 1,180 - 1,160 degrees. Therefore, they require much superheat.
These slags can be used when good metallurgical fusl is available.

}, Addition of calcium oxide up to 24 percent and alumina up to 16 per-
cent to alags consisting of 55 percent Si0p, 26.25 percent FeO, and 8.75 per-
cent MO (fourth-sixth groups) reduces both slag formatlon asad melting tenpera-
tures. These admiztures are satisfactory smd make the slag 1igvid, Tae additian
of mixtu-ee i3 emspecielly satisfactory.

5. The slags of sll groups are vitreous and have a concholdal fracture
after rapid cooling, lithoidal fracture after slow cooling. Tha color of the
slags is black, vith a reddish hue vhen manganous oxide is present.

Main Aspects of Slag Formation for Reverberatory Bmolting of Central Eazakhstap
Ores and Concepfirates

Prof.V. A, Vanyukov apd his studerts in the Moscow Mining Academy and
"Mintsvetmetzoloto™ have demonstrated the following:

1. EHigh silice and alumina content in ore and concentrate i8 not & negative
factor; 1t 1s possible to minirize their effect of causing higher slag viscosity
by sdding a small amount of iron-manganese ore, vhict is being mipad in the

Dzhezkazgun regicn, Thus, all the conditioms exist for obtaining slag freo of
copper contoni. The neceseity for importing iron Tluxes is eliminated. The

aize of the charge is reduced, a factnr which cuts down cansiderably on the number
of smmelters needed, :

- 16 -
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2,  The amall emount of iron in the ore and concentratea is aleo favorable
for obpaimng clean slag and a high rate of copper recovery.

3, Addition of the lacking amcunt of calcium oxide cute down on coppexr
content in slag., Therefors, the following composition of waste slag from
smelting of Central Eazakhatan ores and concentrates can be set up as ideal:
52 - S8 percent 510p, 16 - 20 percent Fe0, & - 13 percent Aly0;, 4.8 percent
Cad, and 0,83 - 2 percent MnO. ‘

Introduction of the Method of Smelting Kazakhstan Ore Comcentrates to Yield
Rich Matte and Highly Siliceous

In 1931, & very serious project wae undertaken at the Korsekpay plent,
This project radically changed the situstion existing when motallurgiste adhered
to the smelting process which produced slag of the sams type A8 that obtained
in American plants.

The position of the plant in regard to fluxes obliged the Trust Adminie-
tration to adopt the proposal of Englpeer 4. P, Ivanov and, in July 1931, to
convert to a more acld sleg, comtaining 52 percent SiO;, 20 percent Fel, 12 per-
cent Ca0, and 13 percent Al0s3. ’

L. P. Ivanov carried on tests with acid sleg from August 1931 to July 1332,
At the same time, & proJect to cdtain matie. containing 60 percent Cu was heling
carried on,

The new method of "forced” smelting was carried forward in 193L.

In the suwmer of 1933, limestons was discovered in the immediate vicinity
of tks plant.

At the suggestion of K. V., Sushkov, a charge was camputed to yleld a most
acid iromn slag and rich matte.

Work was carried on with matte containing 60 percent Cu, In May, elag was
obtained containing 0.51 percent Cn, in June O.h4 pevcemt Cu, and in July 0.42
percent Cu,

" The work of Engineer K. V. Sughkov, aleo that of Enginesr A, P, Ivanov, was
"porced” and his solutlion one-sided. Though his criticism of the laxge calclum
oxids content in the experimental elags of A, P, Ivanov was correct, Sushlov's
view of having canly ferrous oxids contort in slag was incorrect. Ho elso ovei=
1ooked the effect of manganous oxide cm reducing nopper contert in slag.

Six yeara' work on the rroblem of selecting slags and smoli:ng conditions
emabled Chief Engineer I. A. Strigln to stata the following conclusion in re-’
gard to the work of the experimental EKarsakpay plant, towards the end of 193k.

1. ncid slags contalning up to 52 percent S10, are the mo oconomical for
processing the siliceous ores amd concentrates of the Dzhezkazgan deposit.

2, Bessemerizing of rich mattes, containing up to 62 percent Cu, is tech-
nically possible and nas been practically demonstrated.

By the end of 1934, the proposal of Prof V. A. Vanyukov to work with highly
gilicecus manganase slags had not yet besn fully put into practice, The work
was continmued in 1935 at ths Karsaskpay plant by D. I, Lisovskiy, I. I. Ivanov,
and I, I. Surovov with the cooperation of Enginesr I, A. Strigin.

Experimsnte in adding manganous oride on a plant scals wers carried cut in
Aygust and September 1935. It was added in such quantity that the slag would

-7 -
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contain 2 - 3 percent MnO, Aversge ccmposition or" the slag was 51 - 55 per-~ -
cént 5102, 11 - 13 percent Alp03, 13 - 18 pa’e‘ceqh Fr, 3 - 4 percent CaO, and ;

16-2‘%v\=w'm:'n+ Mn0, . .‘ "

In the course of these 2 momths it was shown that slag containing 2 per-
cent MnO was sufficiently fluild, even at the comparatively low tempersture of
the reverberatory furnace. Slags resulting in obtaining 54 percent matte con-
taining 0.3 percent Cu,  The difficulty of obtaining manganese ore hindered
smslting at the Karaakpay plant unti 1945, when Dzhezkszgan manganese ore began
to be mined for uss in ferrcus metallurgy. A wide-gusge rosd was build 5o the
mines.

Swelting to yield slage containing 35 - 38 percent 510, and copper mattes

- containing 25 - 28 percent Cu was begun at Balkhash in 1938, Tm 1942 and 1943,

acid slags and rich matte were introduced there. In these yearse, smelting wus : R 4
carried on with a lime vlux to yleld wlag containing 51 - 54 percent 510, and L PRI PP
matte containing 38 -~ 42 percent Cu. Recovery of 92 - 93 percert Cu was attaiped. - ik .
Addition of manganese-contalning fluxes has not as yet been introduced.

levoratory teste have shown that the presence of 1.5 - 2 percent manganous )
oxids makes eleg moblle and fluld, sc that the slag mny contsin as much as R
54 - ST percent silica, Its presence also cuts copper losses.

Conclusions

Tne rropoeal mads by the auvthor in 1927 - 1928 to the Atbasar Trusi, namely,
to carry on smelting so as to yleld highly siliceous manganese slag and rich
matta wma not accantad ana Introdnced at onca. The plannine organizations.
plant engineering, and technical personnel did not put this propoaal into pmctice
for a considerable length of time,

The recolution of the third.session of the Scientific Council of the .
Kazakhstan Section of the Academy of Sclonces of the USSR, devoted to the problems
bf Bolahoy Altay and Polshoy Dzezkazgan cambines, was the turning point.

Fraom 1943 to 1945 were years of fruiticr for the many years of work by Pect
V. A, Vanyukov and nis students in the processing fileld, These years brought
the introduction of kis method of treating Central Kazakhstan ores and concen-
trates, and the following culminating events:

1, The experience accumlated in the practical work of the Kersakpay and
Balkhash Copper Smelting Planis was generalized.

2. The effect of additions to the charge for reducinug tls viscosity of
highly eiliceous slags was studled by F., M, Loskutcv and K, S, Ponomarev end
their findings published in K Voprosu Izucheniya Piavkesti 1 Vyazlkostl Shlakov
Balkhashskogo Medeplavil’nogo Zavoda Z'L'he Problem of the Fusibility and Vis-
coslty of Slags at the Balkhash Copper Smelting Plant),

3. Iime flux replaced iron ore at the Balkhash plant,

4, The Kars'a.kpay plant introduced a manganese flux in the form of Dzhezkazgen
manganese mine tallings.

Therefore, the fcllowing may be considered as having been sclentifically
and prectically demanstrated end proved:

1. Thut 1t ie expedient and economical to cerry on amelting of Certral
Kezekhstan ores and cchcentrates so as to yield highly eiliceous slags, con-

“taining mangancus oxide, and rich mattes. See Tsvetnyye Metally (Nonferrous

Motals), 194k, No 3 - A, p 34.
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2, ‘That thie method, whils meking use of the propertiocs of the ores and
soncoptrates being smeited, reduces Flux requiraments times and completely

v}

oliminutes the need for sulfurizing additions. : i
: i

S

3, That adding renganise-ore tailings to the charge reduces the viscoslty
and the melting point of acid siags and increases the fusibllity of ores and
concentrates. .

L, That smelting to yield acld elags containing manganous oxide, a Iimited
smownt of alwmins, end & dmall smount of ferrous cxide (no irom ove added) raises
the possibility of having only sbout 0.2 - 0.3 percent Cu in the wast slag snd
of recovering up to 98.5 percent Cu in the process of reverberatory suelting.

' 5. That ihe amownt of wasto slag 1s refuced fwo to three times.

6. That the copper~containirg materials form a great'por‘uioh of the charge
and thet this fact mkes for thelr ecomomically profitable treatment. )

[A.ppond.ed figursa follow_.]
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Figure 3. Manganese Carried Over into
Matte, in Relation to Copper
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